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(54) ACTIVE MATERIAL FOR BATTERY, MANUFACTURING METHOD THEREFOR, AND MANUFACTURING 
METHOD OF THE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an active material for a 
battery having superior electro chemical characteristics, such as 
capacity characteristics, characteristics and high thermal stability, 
and to provide a manufacturing method of the active material for 



the battery having high productivity and high cost benefit 
SOLUTION: This active material for the battery has a surface 
treatment layer, containing a compound represented by the 
chemical formula MXOk on the surface of the active material. In the 
chemical formula, M is at least one element selected from among a 
group comprising alkali metals, alkali earth metals, 13 group 
elements, 14 group elements, transition metals, and rare earth 
metals; X is an element, capable of forming a double bond with 
oxygen; and k is in the range of 2 to 4. 
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i , N i i-t! C o y M' z 0 2 -« B . » L i > N i i-n M 
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CII*]S3 9] fliJlBTU^MJiN a, K, Mg, Ca, 
S r, N i , C o, S i , T i , B, A 1 , S n, M 
n, Cr, Fe, V, Zr, Rtf cn5©ffl*^t>-efr 

o sjR^ns, w*«3 8 iciBicco-amfflg 

CWJRJ14 0] BuETC^XtiP, S, W, Rtfilfte. 

[8B*S4 l ] mffan-x-f ^^rS^tOfiijIBTcllMO 
#Wfit±, Hufan-x-f y^iScttLTO. 0 17!(M3 
0««%T'fe5, W*«3 8 {CfB|g(0«fflfflS!KlH(DS! 

[3S*«4 2] ME^-x^>^fp<7)M!E7t:l!iM(D 
^*.lti, MwBn-T^y^lcftLTO. 0 1 7iS2 
0fi«%T*fe5, Il5R«3 8lcfB«c<0«H!lffl?S^KOii 
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lAVhSl^l/^&fft^WLT^So L i CoOzte, 
tt*^U mtES o n ytt4if*»6l««fb«nTmiR« 

i N i 0*tt, ffll?BT?ffRLfciEffi«^KOrf-e©tffl{ 
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AWWSilLT, N i &S£(4C o&y*">A»{t1*K 

flfi07cJB*F-if>^-rs^ffiA<ffi^*nfco £©4;? 

tt^rffiOWfcLT, *ffl^H^5. 2 9 2, 6 0 1 ^tc 
14. L i C o02©ttfli;&«SS-frfcgfoKfcL-C\ L 
i.MOz (CCT\ MiiCo, N iSO'MniO^O 

§) ^teic^nTv^o 

[ooi i ] gtoK©5S£tt*&9-rsfci&tote<D7jffi 

9-5 5 2 1 0^?8tCf4. yf->A--y-5r;Wfi»ft 

0, WM¥ 1 1 - 1 6 5 6 e^i^WCtt. T i , Sn, 
Bi, Cu, Si, G a, W, Zr, B, $ fet4Mo<D 

tf / * i4 C n ©gfMsn? 3-T^y?nfc 
y f-^A^gKbajb^aKsnrfct), whpf i i - i 8 
5 7 5 8 ^dtfwctt, v*VL>-?yjsym<m<Dimic 

Siiili « ft 3 ElSrS^ft *M « ft T (/ ^ o 
[0 0 12] LfrU MfB7??£t4. S^lS^affi^Bfi? 

^Ri:^Lfc^*A«^ft3Se («S»ffl!i6iae : 

[0 0 13] iEffiiSf&Htt, 3t«BflCL i ,-» M0 2 (C 
CT\ M(4N i £ fct4C o) Offl^t^^fSA*, x©{i 
*<iEffigftH<0»ig«SSttK:»»%#*5o o$y, 
0<x<0. 5©tBHTi4-y--r^;l/SStt (cyclic sta 
bility) MStA/H-SK^LTliiSSftStf, xA^" 
0. 5W±T*feSBf^(4A^^ (hexagonal) tg^?. 

(monoclinic) fflttg$E^ (phase transitio 
n) A<gC§ 0 CCfcSftfflRSHi, S^tt (anisotrop 

ic) wmmt^cLxiEm^mcm.m^yy^ (mi 

cro-crack) ^fS^^-y-§ 0 Cfttt, StlS^igfcafl 
46So O^y, S7Jtt»»B»K*«'>ftL*ltfttf««! 

[0014] TEmm¥asn<Dmm.mn^.^mms^?>i5 

mt LT, *IS^ffr?g 5 , 7 0 5, 2 9 1 ^ttt. 'J ^ 
x-Tf 7 K (lithiated) fn""Afb^tl<OftiflilCJpb- 
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[0015] mmnvj L-^xmm<DiEm^m.R 
>mitRV&mit<DmfatfflmLx, nmrm. mm® 

[0 0 16] *5SWti» ±aLfcHS^i««ft-rSfci6 

[0 0 17] *^©fflcDgWa, ROTS^Itklfinfc 
[0 0 18] *%WO<B!©B«tt» ftSttlcatlT^T 

[0 0 19] 
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-So 
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[00 2 1] 
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[0 0 2 2] *56W<0«Jflraffi14lf!fi, MX0wOfk¥ 
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WbT&>), tufSfb^fcfci^T, Mtt7;I/*U*K % 
7/U*U±SI&M, 1 3©otsI, 1 4 0otH, 
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N a, K, M g> Ca, S r, N i , Co, Si. T 
i , B, A 1 , Sn, Mn, Cr, F e, V, Zr, $ 

fcttcn5©ffi#£fo'£-pa&!K TtJUXtiP, S, W, 
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9A-^!Sttffi©IEffiS$!5«£:LT, SSltitTEfrt, L i 2 
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[0033] mzmmtLTii, w^nrnm, m&mm 
mz#gkmMm<DmtLTit, 77h*-*> ( SO ft c 

arbon, fgS'l^H) Sifcti^- K*-tf> (hard, 30 
[0 0 3 4] MfBU^AffiAfb&tl.i, A 

[0035] *mmcm^t>nz>v?-'5LmA{t-&V!>t 
fkt/sa*u^->A^A;uny^^ Kfk^-ti) ^ffli/^ 

%>o 40 
[0 0 3 6] 

[fbl] L 1 > M n i-t M' , A 2 
L i » M n i-» M' , (A* B* 
L i .MrnOh B, 
L i » M n 2-y M ' y A 1 
L i « C o i-y M' , A2 

L i » C O l-y M' y On B, 

L i « N i i-y M' T Ai 

L i , N i ,-, M' , 0 2 -, B, 

L i . N i i-y C o, O2-, B, 50 
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L i . N i .- r , C o,M' ,A. 
L i x N i i-r» C o,M' , O2 « B . 
L i « N i i- rz M n y M' z A „ 
L i .N i i-rz Mn,M' 2 O2 -a B . 
[00 3 7] h5bB^T\ 0. 9 5<x<l. 1, 0^y 
^0. 5, O^z^O. 5, 0<o^2T**D> M' (± 
A 1 , NK Co, Mn, C r, Fe, Mg, S r , V 

ss?«ns^a< tfe— o©tc*"p«»)» b&f, s& 

[0 0 3 8] C0«fc5*U^»/-AltAffc^© 3 PEti1I 
It 1 7bS2 0 /imT*&5tD#$F£ IX, 3Ml 5/im 

[0 0 3 9] *5£WT*tt, S^ft<D^ffi.CMXO k <D{t 

§ 0 g^K^U^->ASAfb^-efe§^tc,i, l 

i, M' (M* ttU?-*AlfAffc£1«JA^*#LfcA 
1, Ni, Co, Mn, Cr, Fe, Mg, Sr, V, 
^±ffi7t:*, SfeBCtiSoa*^) , M (M.±T 
;U/j'J#JB, 7;l/*U±JS&R, 1 3$S7tJyf, 1 41II7C 

■£) , x (aS3fcz3BB£*fctf**cfciTOfl&8:7C 
Sa*0^t?H?t{*fb^^MXO k ft^!t%i:^ 
tr^iBJOaili^jS^tiS. 
[0 0 4 0] -fiStc, SttK (SffifflStlK) ©^-y7° 

«fc»)}S%ftA^fflSBfk (compaction) 

fo *^©g^g« ^ -y 7ffig.± 1 JbM 3 g / c m 3 

v^nflieyk: <fc 5 i:, rs^a©^ -y -/m&tm 2 g / c m 

[00 41] iiS> *»fflSfitt, S^H.ilai«»J, A 

*#tyi9(c^§ (B*KO*lt««fll*-r*) o tit. 

axgti, isiBftK^ftjsfijHigffiojHssais dubr 

ication effect) *ffi«-r5Cfcjb^tS. 



13 

[0042] mm(o&£&ic&n*R&?mt>mm%® 

S„ Uf-^AJfAft^JO-ffl^a&SL i CoO ; gi 
R*0Ufc:»£tfTSMI31"3fc» LiCoOz!±a-NaF 

e o 2 «iig*wrs*v ^m^Ftn Li,, c o o 2 <om 

il**§U 4. 9 3 V«±T'7c*f 3*§£-lCfciL i tf£ 
£fcl$5£Snfc7 , yfiil£©C d l2#}jt*WrSo 'J* 
^A&RfHfcto©*^ L i cDltf'>ftl^i:»^ 

Ci^nSLi,-, CoOj (xttO. 5W±) Offiii 

£Bfr5>j®I££nS„ to*!*, jfiBLfc»3R^*«Hrt 
»T WHS 1 L WfitfWW 5 nTB&tt tf£ t 
So &oT, flg%ftfiftg& (RJNUJBttfifi) t^cDBfcD 

So ftot, «ft!)©££ttlcl£S£-^S£gftH?T* 
SSSKsKOJSlW^ttttv DSC (differential sea 
nning calorimetry) pJ^tCkoT^StlS^M^g 20 

[0 0 4 3] *SBfl©MXOiffc£* (0H*«f» MPO, 

Mot, mx Ok it£mmmmt<Dix.fc*m\T?> 
[0044] *mn<DM x o k vcem*%ts%mwm 

^*£©<J:5*l#*f6JBg*Mix N i — M 30 

h (-vtnv&m/^YvJY) nm. mmm-y^n 
-fivs.VL.nm. v^h^mmm. m-^h^ty 
mm. ij^!>i»sH'j7-ia, uf-^A-iewtiftftif 
(Di 5 ft 2 ^«?fifflg^HoM^rtjiffl-r s c ttfxz 
So Sfc, BuE«rfi©IEffiSt;ft®03^<D , >ft< fct 
-otaffl-r*ck^T**. «IE.IH!!0*!£ttc:4)# 
S t T-J;<aif.tiTl^St,(DT'feti, 09*. If, Uf->A-< 
*ySite0l&ifi«#@ftfff£5, 7 5 3, 3 8 7ftS 

stress, of Mfagtffiffigjf^w-f ssiti» 
n*^-ot fcfiM^cffli^nSo 

[0 0 4 5] M§2MXO k {b^©SlffiMlI/f £ 

[0 0 4 6] $1\ =r— r-C>^?ST'X (®fgi:-fi|£ 

^ffM-rsct^-etSTcH) zfitstt&wzM (7 

;l/*U^iK, 7;W'JilM l 3$otS£\ 1 4fi£^ 
ftlfgffi (suspension) £fclii§ifc:K!£<Diif#*£t?. 50 
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[0 0 4 7] MBWkt-W&ttfctiLirz><ittfT*Z 
s tcSs x *^trft^a©jB!gti, 7><tc^8?^ nn if a 

SCi:^T'tS7£SX^PT^S^ K*i:~®S^- 
* S C £ tfX * S rcHt^ra tr I b£tt i: L T t± U > 
$7kfg— 7>t-^A ( (NH<) iHPOO , P 
2 0s, H 3 P0<, L i 3 P 0< ftiftffeSo 3-r-c>y 
ffitp© X *^€rfk^m<0^»4 0 . 0 1 TiM 3 0 MM 
%T'feS0D^»$L<> 0. 17^2 0Sfi%T;-&S© 

[0 0 4 8] 3-x-r>yffitcffli/^nS7c^M{i7;i/ 

T-^So tl<D«fc-5ftn— x-f y^Tc^cD-?"^ A U N 
i, Co, Z r, Mn, Cr, F e, Mg, S r, V s 

s'fctt ens ©ffl*^-b-&*«*»wtc» s l < ffl ^ 5 n 
So znz^-T-f ><?7tm*'Sts{t&vi)(DBmt>, ?h 

m, IMS, fn-±^7cKi, S/-cttcn5©IB*^t»-& 
*£t?ft:£UjfcJ\ 3— r-r^yffltJco. 0 17}M3 0S 
i%-p*5S©tfffSL<, 0. 1 7^2 0fifl%T?&3 

[0 0 4 9] «H2<0«k5KHjg5nfe3— r^^yjST* 
S$lH£:3-7VyyTSo ffiJE 

Ltcik. rg^-rsa«?*(cj:oTfft>nSo c 

Tt>fft>nS©{iSM<DC tTfeSo 
[0 0 5 0] CKDi^fcn— r^yy^nfcStlK^ffi 

So suiBiiJaasjeti^ 1 0 0 nm 1 0 0 u » $ l < 

1 0 07iS5 0 OtT'fet), JHUQS^FHti 1 TbS 2 0 

mmzm&tzmmx&Mmtmz, mz.it a i po. 

&if<DMX O k fb^^rt^lCt£«(LTS«*»f s 

nfe»**(a»-r*is*iabn»tiiai-r s c t 

[0051] ftmmmt&xmc&^xmTmvmm 
mMttmaE.* s fc^^isxg^^-r^flis l ft w-n tr ft e. 

ft^o/£o L^b, *fgH^©XSTii, «5riiiaK^te< 
TS14lHWOS^SfcA,ifec. e.ft^<DT\ »ISXg 
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[0052] l.<D&7 jftfcUUgfcil i;Ti£!f%ft*ffi 

& § «£■ (4 , gffisaai tc u ^ •> ajs a* b^* tux 

Co 0 5 3] *^OiEgS^K*#ty*ffio©JgiS 

*y±Sifes, 1 3«7c*, 1 4 Sot*, s&&el r io 

tOE{t*£T, Mtt7>i/*'J&fL 7;l/*y± 
S&JIL 1 3®otII, 1 4 Site*, »^SRtf#±S 20 

T'^D, kfi2 7!iS4 0i|iBHT^-5o 

[0 0 5 4] *^T'5i, HufSO«t9^iijSietCcfco 
T«ifiS*ifc«l!!t.«ttr*. 

[0 0 5 5] WT, *«IBO»S U^&flJRtfttBHJlJ 

[0 0 5 6] (HfidCTl) 1 g© (NH<) jHPOit 30 
1. 5g(DAH~4h\s—h (A 1 (N0 3 )3-9H 2 
0) ££l OOmKDzklCiijtaLTn— f^>^l 

jgufc cost, #hka i p Ou ffli^n-f mmx 

1 0 jimT'fcS L i C o Oz£2 0 g iiAPbT?l^Lfc 
ft, 13 0tT'3 OtflMHSLfc. Ki»Lfc«9**4 0 
0°CT5B#^©aLTgffltcA l P £:£#t?iar§ ft 
fb^iRtfA l P Ok (k^£#t?S!E®3iJltfffM2 
nfeiE«g1»H*S!ifiUfco ctDBf, A l £P£<Dfigl 
tiSt)«tCftl,TlSfi%T:-£ofc 0 SigSnfcjEffig 40 

£94:3: 3<DSfiJtT?S^LTiEffi 

K*^trX5U— *tt3 0 0 /tmCIiT'A 1 *>f;l/± 
Icn-f-fy^Lfti, 1 3 0TCT2 0»BMS«U 1 
h y<DEL1jX1±MLX^ ■< >ttHlffllEff&tit&S! iS L 

f- h (EC) h (DMC) 

fc* 1 : 1 <Of*SUt"eS^UfciSiifc: IMOLiPF, 50 
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[0057] (HS60112) nmmKDu-Tjytfmi 

5 m 1 t^ifejSfltf 1 0 (irnT'fei L i C o 0 2 % 2 0 
gmuLXzi— y^LfcC £*m^XlZ, MMWli 

tmmttmx'zijyzj'7<D¥w.mitmmLrc a c<d 

B#, A 1 £ P fcWffiatiigftKKlWLT 1 . 5Mfi%-e 

[0 0 5 8] (ggfflffil 3 ) S« 1 C3-f^ > dOH 2 
0 m 1 EspiSffi&tf 1 0 /i m-?&3 L i C o 0 2 § 2 0 

Bf, A 1 £P tiDWMltfSfaHKMLX ZSM'k-V&v 

[0059] mmm 4 > 1 ©n-f-r 1 

0 m 1 t¥l^(SS*<5(imt?J&5L iCo0^20g 

mmtt&x*^y*j?<»¥m.m?kmk\,rc 0 
h\t? £<DmM&%iWg.icitiLx i nm%xh-D 

[0060] mmm 5 > »«iais* 1 0 ftMnai l 

[0061] mmm6) nMmxuxs 0 o-c-esuf 

T- 3 > ^ -/(D^nm^wm. l rc 0 
[0062] (Hiss^j7) suaaie* 5 0 o°ct- 1 0 

j*T- n > ^ •7<D¥nm*mm l tc 0 
[0063] (.mmm8) mmm\<D=!-7-^y^mz 

0 m 1 5 ft mt'$5 LiCoO 2 ^r20g 

ii0LT3-f^^U ^MIIIS ; &4 0 0°CT-1 0 

tt-en-f^^-T^O^BffiJ&SliiLfco d^«f> A 1 £ 

[0064] c^gsfifij 9 ) nmmi oa-f^y^si 

5 m 1 fc^fiifi^ 1 0 p. mX'h% L i C o 0 2 % 2 0 
gitoun-f-rvyu ^MSXS^4 0 0°CT-1 
0B#P^ffiL/-cCi:^^Tti. Mie*ffi(5iJl fcn«4 

?imxajyZ'(7<D¥nm*mmLrc 0 cvm, a i 

t P £(D®MlZfl5VBKlCttLX 1 . 5Sfi%T»*ofCo 
[00 6 5] mi&mi 0) L i C o 0 2 <D{tfc> 9 lc¥ 
i^fitl^l 3 (trnf^L i M n 2 O, fcffl^fcC 

[0066] mmm id l i c o o 2 <dr*> *? tc¥ 

t^&tl^ 1 3 L i N i ». 3 Co.., S r,,... *• 

o 2 ^ffj^/ici:^^Tti, fmse^»ji fcraaa* 

[0 0 6 7] (MMM 12) L i CoOi CDf^t> K> IC¥ 
i%%Lffl$l 0 )imt'$5L i N i «.» Mn« 0 2 
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l/\ m%mxm*4 0 OtT* 1 OiffF^JgL/cC 
i^-Hi, ffif5HfiS#Jl ^^^S-en^y^^ycO* 

[0068] (use^j 1 3) mmm i 

2 0 m It L i C o 0 2 ©ftfe 9 10(im 
L i N i ... Mn.. 2 0 g^ioLTn-f 

^y^Lfcm, imqjixS£4 ootfi ottiHrai, 
fc£i:*HK^Ttt, ffif2Hfig#iJl £:imi&7jjiT-n^> 

[0 0 6 9] (HfiSffll 4) L i C o0 2 ©ftfc?HC :s P 10 
i^iS/V* 1 3 /x mt*$§ L i i.m N i o<» Mno.19 Co 
.., Alo.o7 Mgo.07 Oz^m^ltC t^^Xit^ MfB 

/Co 

[0 0 7 0] (gfifgffl 1 5 ) UMiJ 1 T-SJfi 2 tlfclES 
%Mn. X-/S-P (#*Sij) Rtftfy^ffctf-U-r 
> W>H %9 6 : 2 : 2 0SSJfrCiI£LTIE 

£LZXV7vit£-V7 ! y%:9 0 : 1 0 20 

^^l/fc^-vXrw >?LTftSHS«*S!iSLfc. ffiie 
IEffifttKfc£ft«Efc&ffl^T9 3 OmA hft&VT-O 

Uy#-#*-KEC)i;i/^;U#-#*-MDllC)£ 
* 1 : 1 0f#MJ±T*fi£LfcJ8Jfifc: lMOLIPF.^ 

[0071] (Hfigjjiji 6) $mm\ ©a- Tivvm. 

2 0ml fC5c^H& v ^20gjiiaLfc<li:^l/>Ttt, 

[0 0 7 2] (HJ&0IJ 1 7) Hfig$J 1 ©3~r-f y^JK 
2 0ml fCfgftSS nOi*2 0 g^ftlLfcCli:*^^ 

LT2li%^oft„ 

[0 0 7 3] (HIM18) HWIlOa-r^Vi'l 
2 0ml KgftlRS/'Jny (S i ) £2 0 g^jtabfeC 
i:%BS5t^T«, SiiEflfifilMi fcl^#*#teT3-f>*-r 40 
^O^SififcHiSLfc. C<DH^ A 1 fcPfcO&fittg 
tl«tWUT2aS%T'feofc 0 

[0 0 7 4] iimm 1 ) lEgg^H i: LT¥^teS^ 
1 0 /i mffeS L i C o O2 £il^Tffif2flfiMiJ 1 ^ (WJ 

[0075] (tmm 2 ) iEtssfts i: LT^mmif 
5 fi mt*5 l i c o Otzm^zmmmmm 1 tuts 

[0 0 7 6] (J±«W3) A 1 +«( hU-h (A 1 (N 
00 .1 • 9H2O) tfj&bn£ttTl/>&l/'>fc©;£3-7^ 50 
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fcZf Set- n^fy^yf 7<D¥WMtW& L fco 
[0 0 7 7] (tt«c^J 4 ) lESgfoK £ L T¥19ttfitf 
1 3|im-eS5L i Mn 2 0,5:ffl(,>TffifSSfitseiJl 

[00 7 8] (lt80* 5 ) lEBgftlft t L X¥-mmft 
1 0 (imTM L i N i ».. Mn u 0 2 £fflt^Tffif2H 

fifeffli ^int^ST^-r^^^y^ffi^jgL^o 

[0 0 7 9] (Jt«0>J6) IE8SSf&lH£ LT^Siltf 
13/i mT'$5 L i N i 0.9 Co.., S ro.« Oz^fflt^ 

TffiieHfii^ji fcRWtt^rffi-pn-r^^-r^wfiiSH 
[0080] omm 7 ) lESjg^K t l ■c 3 P*%tta# 

1 3 /1 mt'$i5 L i 1.03 N i oca M no.19 C 01. 1 A 1 

0.07 Mgo.07 02*m^Tmznmmi tmmtt&x 
^yfyfyf •f^mmzmm t it. 
[0081] w^ucgmmmm 
nmrnKD-tyfy^yf/^mmicMLr 4. 3v-~2. 

7 5 V<D«EESgHT?0. 2C, 0. 5 CRXfl CXJcM 

i<D«fc3f<:» tttgft 1 QWftBK* (1 C) TiOWSffi 
AW (0. 2CM0. 5C) lci£'<TM.mc$L'P? 

zt>\ mm 1 (Dnmtmm-v&wm&mw 152mA 
h / g mmxi&m t mm&<D®w&&z?n ufc 0 
[0082] nmm 1 RtftkBEW 1 lt 4 . 

3 V ~ 2 . 7 5V ©*JEE^Bl? 1 C T?aaWt*HJfc U 
•9-^^;l/KJ;§^a^S!l^LT02{c^Lfc o l 
W 3 0 HKD^BKS+J-f ^^TfeSJW^fiO 9 9 %«±% 

3 o 0o?t*-9->r ^^i/T'SM^Siifttciii^-r « <: 

E»«lTLft. 
[0 0 8 3] Hji0lj5<D»&l;:ttLT4. 3V~2. 7 
5 VOSEiEBT'O. 2C, 0. 5 C, RXS 1 CT'SSt 
«^HfiS LT, *<DeS*H3 (a) IC^Ltc. 03 

(a) OSStt, 3*HWt»ttOIIStt*SBB-r*fc» 
HfiS<?iJ 5 ©iEffig^S©*^ (1.5kg batch si 

ze) tc£$U *U3 0fli©*}l!!*(HjfiLr3feKa«Ftti& 
ffFfffib, cn50¥^i*ilfefeOT*5. 03 

(b) ti03 (a) ^rfi£ALfc0Sl?S§c, 03 (a) 
(Cfe'^T, 1 C T'^lSlSMtf 1 50-1 52mAh/g 
X3r><0, ¥i|«E*fffe»3. 9 1 VT\ (0. 2 
C) ^JHftttfciiSm^brCo -O^p-^ililtt, 1C 

x^'fttitfmfit&mzft'iXi&m&iMtfo. zcx 

fc 0 OJO, HRKIt'T^^Jifl-rSOfCflSoT^^ 
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(Internal Resistance) <D{£TlC&%Ml. 

[o o 8 4] mmmzcDmrncftLT 4. 3v~2. i 

5 V<D*E®BT*0. 2C> 0. 5 C x RIM CT-4 0 

0. 2 CTW£«Em£i£}gLT^< 
S 0 ^ffiPl 2cD«ffitC?itLT0. 2C> 0. 5C, R 
tfl C?3 0[I]<D?tSM£ilJ5gLT, ^<Di|§|l£0 5t;:* 

C-rate|C«»:*Bf ^ S3 ( * : mAh/g) 



(11) M2 0 0 3-72 9 9 

20 

(D£?%mm£, ^ftmvi&wtimtfL \ c oo 2 

T"&< L i N i... Mno. 2 0* <T)^\Z &Sfffi14fi6£|p] 

± $ -e 3 c t #t- t § 1 i> a *^^-r t © ?sb % o 

[0 085] 01, 03 (a) , 0 4 Rtf0 5 £^£n 
[0 0 8 6] 

ma 



C-rato 












0.2c 


154 


159 


159 


161 


170 


0.5C 


151 


156 


156 


159 


161 


1C 


143 


152 


152 


152 


146 



[0087] msM&tiifflm£tc&&m&fe&ttm 
4. 3v~2. 1 5v<Dwmmmx\ cxftmn*m.m 

ffl^fc«fifcj:£Tffi£0 L i C o Oz (ItRffl 1 ) <fc ») 20 

[0088] atfigm 1 %.mmm 1 o-i^icw lt 4 . 

3V~2. 7 5\<OWBMM<ORt>'0\CA. 6V — 2. 
7 5 V<£>«E®BT'0. 2C, 0. 5 CStfl CT?tS! 
«£HffiLT, ^©$Sm^07^7fsLrco 07tC^Lfc 

«t 9 Jt«HM 1 tttM^wthrr sis ifttatt«A< 

CfctfftfrSo £fc, 1 Cf<D§ii3 0^^;l/f(c 

mnmmm^Mbx 1 0 %JWTt»^ Lit. c nc^ 

T, 1 <Dmm*ffiftnVmT*t> C-ratei 30 

[0089] mmm 1 Rifitf^j 1 <omm\ctt Lxmit 

HfllE£4. 9 5Vt±#J«0. 2C, 0. 5CR 

0*1 ct»jBwi**»Lfc!ft» Mnft&zwmLx, * 

<D&%*m 8 IC^ L fc 0 Jt«0« 1 CDttffiti 4 . 9 5 V X 

ftmtz>M&, mnzft%fr^rcrc&wmt>^vimxto 

[0090] ijis-eittffi Lfc «t a ft^MBt «t siEffig 40 
^■>^Afk^^gffitffM^n/cA 1 tp 

mmWt^RXSA 1 PO k (kii27^iM4) ft^ft^ 

•j^">i,^^>om#a^[6i±*^, is*r-©#ffiffii4 



* [0091] *^oaffi5asiiA' i «ffl<otttgtc^x.5 

K&VBRXf A 1 P Ok ( k « 2 TIM 4 ) f t£ft|*$tr& 

mwmff&&2ftrztsmivm&ztitimi&m 1 o* 

fco sNMfttttC- r a t e£0. 2Cfr&0. 5 C. 

i cic^ft$-&^c.pj^Lfc„ 09<o«t9ts imm 
[oo92] nmm \ 5 xmrnzntcmmm 1 ©s^h 

^r#Cy9 3 0mA hftJBU^A-f JtyfcJfiKJihrs 
4. 2V7 1 jS2. 7 5 V©«EIBHT-0. 5 C. ICR 
tf 2 C©»*i$fi-e©]R*WE*-7«BI 1 OIC^L 
fc 0 01 OOi^lC, 2 C -ecD^H^MA^ 0 . 5CTO 

mn&micftLx 9 5%u±icmft-£ntco fox, * 

[0 0 9 3] *l§H^C<t5g^H (tt?tfifflg^K) <DZ 

\mm i xmm l rcmmmmz 4 x 4 c m 2 # * e 

1 1 5 0 m g Xh K) , J±«M 1 <0^^-(± 1 2 0 

x. TB(om2ic*Lrco Tfeoa2£Dct9ic. jt«eij 
1 <fe 0 n^i 1 <DUifiws.mm t&v t 

[0 0 9 4] 

[*2] 





(g/cm 3 ) 




0.2C $3 

(mAh/g) 


0.5c &m 

(mAh/g) 


(mAh) 


1 


3.79 


2.5 


160 


150 


24 


Ifctttt 1 


3.42 


2.1 


160 


143 


19.2 



[009 5] jxk co«fc3ftaaijGajio#iififcja» 50 ico^tbmm-*- 
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[0096] m&mB£mm. umnm. 

A 1 t P £#ttH?§{*{t£tlRCF A I PO, ( k It 2 

ikwmmmcDM&ttmmTzrcib^ stem (scanni 

ng Transmission Electron Microscopy) ^fOTLT, 
mm.ni'm^fz.'^ S»e>7Ef^tfT (elemental ma 
pping) ZMMLtco 1 (a) ^5,01 

1 (c) , RtfBl 2 (d) fre>01 2 (e) {C^L 
ft. gl 1 (a) tiT^Y (bright fiel 10 

d) -eOg^SSTEM^KT'feO, 011 (b) 43«fc 
tf01 1 (c) , Mtfimi 2 (d) fectD'01 2 

(e) tilHtCcK Al, PRtfOCD^^LTzS T 
EM¥KTfe§„ 011 (b) &<£tf01 1 (c) , M 
1>*{C01 2 (d) &J:tf01 2 (e) cOJc^lC, Co, 

wftfrZo ztiimmcmmmtswRxfA 1 po 

> (kte27bS4) ffci=rtitfJE>$£nfcC ££^ih ittS 

[0097] hss#j i <D%yaM<DmmicB&ztifc%w 20 

fflflHLTA U O, Co, RtfP©#*T*H«SLfc. * 
ffi*>5rt»fctt3 8 0 A$T?/S$MMfrLfctt*fcH 1 3 
lectio 01 3t^-r=k-9lc, gnfnfr£>#j2 3 OA©. 
£©S£3:-eA l fc P fcfcStrBSttfk^tofttf A l p 
O k (kti27 1 )M4) f^1%*«^n, ^©ft»c«; 
C0O2 (Li,-, CoOiT, x©ffi#0. 5JW±) 

[0 0 9 8] tt?^07cX^^II^«^a6k:, USS 
^©StlM$Mlii?©l!TE£7.* J r>' (linescannin 30 
g) LTCo, AlRtfP©EPMA (Electron Probe 
Micro Analysis) ^Vi^MMLfCc CO^i^il 4 

(a) £01 4 (b) fclc^Lfc. 014 (b) icieit 
f 3<fc5l;:, SfflfrP, 1 jim3;T*©g|5#T'fcttA 1 £ P 
ttffit^ftfco ctiA^, #fgBE©Sffi$affljf£ffM 
T3A 1 i:Pi:^t?H}gft:ft^StfA 1 P 0* (k 

fi2/ i )S4) ft-^tt^sajio/^i/^ (bulk) foimm 

[0099] *^onasfl»j i (Dfewnncomffiwmz 
&m*h 1 1 p t^tsmmmt^WRxs a i p o h 40 

( k tt 2 TiS 4 ) f b^HO X (X-ray ph 

otoelectron spectroscopy ; XPS) Ici-S^ftf©^^ 
01 5C^Lfc 0 01 5*H3£» PfcO £©£—*& 
H# P 2 Or, ©ftfi i: li t A, £-ar SCi: #5t!ST? * 
§ 0 <:©ct9«:Wi, HJSttfk^ftRtfA 1 PO k fk 
£?Wc P i: O 4:©~ffl|g^A^ft-rs c <k£*-f £>© 
LfrU *»H©HJSftft^i*atfA 1 PO, 

( k (i 2 TVS 4 ) fb^ltt P 2 Os ft^ftf £ ttgfc 5 W% 
ft^W^tt*#-r§„ B!*.fcf. Affile PjOstf a— 

> ?znrcmty%*^ts\mm 3 ©wauiM ^/h^i 50 
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fr^rs©t<*oT»* (1 o -c<Dmmmmim'Pt 

*KWO@iSf*fk^ft&t5A IPO, (kti27i 
S4) fb-g-MMtcffM^n/crS^S^ty^SI^Ji 
©*ft&t±ift*T'fc(K*r©«£i:raD1M*;UgS«r14 
t^HBE^^-r (09) 0 cnti, HMiJi©@r§ 
*ft^*atfA 1 Po k fkB-ti^>p 2 o 5 {b^ ! (%©P5^ 

£»§BZ#*5E»b<gfc5;fci&T'*5o oft), *fg 

m§©rsis£**ff saiSttffr&toRtf a 1 POJk£- 

[0 10 0] *%HJf©SMlJf t#&-f -5A 1 POk 

tztblC, ^^^y^/f/t/^t^A (cyclic voltamm 
ogram) T?l${kil7Ct: 0 -^£5IIgLfc 0 J±«0J 1 RtfH 
ffimStDmmiCttLXOrVL.&mZMmW® (refere 
nee electrode) i: L-T 3 V7!jS 4 . 4 V©BES5HT? 
0. 0 2mV/s e c<D&m-VX*-YyLTffl%.L1£V 
^^y'^tWmmil 6 (a) RffHl 
6 (b) lC^Lft 0 ^^'Jy^^l/^t^AOKft 

[oioi] imm^mmmt^ms a i po k ft:^ 

WSffitcffM $ ftfclEffig&Jl *i I >r v f- <y l y * 

«ffiSi«S[ (diffusion coefficient) %aj^LT5tK 
Lfto COeS^H 1 7tC^Lfc 0 01 7*^5., 

«fc 5 n%efij 5©y^-^AY* ^©asa^a^tbeflfl i 

[0 10 2] Sfc, 016 (a) CDV-^^V vttfjlZ 

tv^hfrtb, tmm um4. 1 ~ 4 . 25 vttifi-e 

^SS^iJ 5 ^ U v * * ^5 A (016 

(b) ) ttc©<ka%*Be£fc«a)2ft<5e-*a^£ 

[0 10 3] ^^©lEffiJS^H^it-r^U 
* ^7AT«lc «t « t. © i: HISI * n« if — J' 

©Unfits LT 4. 6V~4. 2 5 V©ttl±t5H 

fill) ©^{bfcilJSLfco cOMI^l 8 (a) Rt>"0 
1 8 (b) tC^Lfto tttSECT 1 ©S1%Mti?ti«(«B#fC 
4. 1-4. 2 5 VT-A^hM (H) -»JftftA% (M) 
^fsmi& (H) ©^iS^fb^CSo «f»C, cWT'© 
<&?^a©gffc^ a MT©gffc«fc 5 t,3N«KgSlfC^tl 
fco ^©i^fta^ttiRttfcBllB^ailtiBifoo. 2% 
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( a ) tc^f «fc 9 tfciKfllJ 1 it c fflTift 1 %W±©iR 

or®m&gMcm'j>t%z (m \ Rvm i 
^»©sft*WKa^L (His (a) ) „ cnia 

181,1) „ 

[0104] mmzmMM 

xmrnmrnm 5 at? ittMfj 1 (omm^ntom^^. 10 

^^A+fy^l/miC^C^Lfc^ 910 DSC 
(TA Instrumentaiia) *fiJfflUTD S C#&f*fro 
fc„ D S C^fiTfi^mUHMTT* 10 0-3 0 0°COS 
KiSBT?3°C/m i n©»S3£fiTX++-y?'LTiit 

[0 1 0 5] 01 9T\ ttmmi mmmmztir^K 20 

l/^L iCoOO ti#J 1 8 0-2 2 0t<D$SBT**£& 

a»tr-f*^Lft. ctitt^«*nfcL i coo, 
•Ti.t>(DT^5o ccoid^TOi. w.m<D%±&*{& 

&«W5©&W££tttfit«ffll l J: 0*«»c«nT^5 

t^Ktft^o 30 

CO l o 6] i&^gg£$/»g££<k3£jtfj££14£ 
3 V-pCftSHfOD S C^SteLT, ^©*S3I£0 2 0 

idnLrcc m&fttm. mwtm^E (ocv) a 4. 

2 9 5 VELhfcftJfSftfco 02OOJ:9lC, I»J6 

[0 1 0 7] HSBe!IlRtf8©«»*4. 6VTil5t« 

^ST'ffPttU &^02 2(C^Lfc„ 0 2 1 

&ll*02 2<D£r>lC, 4. 3VT?07MBt£|^$K4. 40 
6 V T-mftWt -5 t, K A, ifS^tC jfil/^^ fcf- 

[0 10 8] LiCoChfcU. 9 3 V£U:T?iB7c*f 
til£l i tffiq£L£t/>C d Ii£^:/0rt#A$fllifi£ 

fflft«Lfc&, 4. 3V?©jfe«BJfc|^ftfc2fS-T*DS 
^«0!l9Oajl!»CWLTtDSCa!lSLT, €"Oem* 50 
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02 4E^L7c„ 0 2 3SM2 4 Slffi 

©isn-cv&^L i c oOz^m^fcitmmiRUz 
ds) *^#jc(a<*D, KJ»tr-^t.^at^n 

U *«Wlc«fcoT*ffitHjgf*ft^BlRtfA 1 PO» 
( k li 2 T^S 4 ) ffc^tfJ&SSftfciESig&HfcSty 
K 8 &tf 9 ©*rtb£ 5 V T?il?t« LfcfclCfl 5 
nfcg%«H\ 4. 3V^4. 6VTO«^i:ttSa: 

3KI2 3 5r^TK#©£ffiteffl£ftTV4^L i C o 
0« ©»J»B9fl&iaS <t *5 4 0"CJULhfe±#Lfco 02 
4£*LfcJ:M;:> ^WcJcoTgffiMS^nfeL i 

coo 2 mmmiRVQ) immwmztLT^ft^L 

iCoO, CJtttffl 1 RXfittm 2 ) J: t) ffiftfc!»W£ 

finfc^WSStt^WTSL i MruO. (J±«0!I4) «t 

[0 10 9] H»J1 0©m?g!B!lHRO : t»j4CDiE 
ffiSWH («l?nt^i5:^L IMmO.) ICML 

r«iws^is*wffli-rsfci&fc:, l i c o O2 tmm 

Sffi-PD S CiJ^LT, ^£DfiSS^02 5tC^L/c 0 * 

[0110] mmmi 2M1 3©iES@^HRt>*jt^ 
m 5 ©lE^saH (sasaa^nrt/^^L ini... 

Mno. 2 O2) tJ*LTj»W^tt*ffRBiLT. €"<DtS* 

^0 2 6 KnkLfzo mmm 1 2 . mmm 1 3 at;jt«fl»j 

5<DB?tS^4. 6 VTJi?t»L ffi«*»KbTA 
1 ^^;P±lcM^$nr^fc?g^lKfc^^^l 0tng@ 

^, 910 DSC (TAInstruaentatlffi) fcfiJJBLT 
D S C^«f*Hfi(SLfeo D S C^«rtt^»H5RTT? 1 
0 0-3 0 0 tOrSSfgBT' 3 °C/m i n ©#SiiJST' 
X4^-yyLTilSgLf;:„ 02 6lC^-r«t5tC, 
ffia*nfc^S£|?iJ 1 2SD*1 3 O L i N i o.i Mrm.2 O 

2 g^a©f6^«{iaffijaii$nT(/^i^hfctgfi»j 5 ©g 

t)R<D^*=tt)^l/3 OtcM^Lfco lot, -v 

[0111] tmmi m^ommmm^nxi^^i 
■ C0O2) , mwu m&<Dma$mz tiT^tz^ 

LlMn.O ( ), mmmu 8, Rt>*9T'ffiiiLfcjEffi 

StlH^09 3 0mA hnBv?-<yL>'(*ymm2 0 



(14) mt\2 0 0 3-7 2 9 9 

25 26 

(Om»m\%L, ^SliJII^il 5 0tTtMil [0 1 12] 
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[o 1 1 3] mtmmmi , 8, 9Rtfit^mu a<d 

IEffigfS!lH£#t?9 3 0mA hMB^^L.-CtyW.^ 
lC#t5££tt¥P»lg©^T5l^g&3C- r a t 
e, 1 C\ 2 CRtf 3 CT(Diia3itg||^0|§^tj:TI5g>-)g 



left L,TH^ L/c & (DT'fe 3 C 
[0 1 14] 
K4] 



Tf2<OJSmtt5ffl<D«Jli! 
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*t**0!4 








1G 


5L0 


5L0 


5L0 


5L0 


5L0 


2C 


5L5 


5L5 


3L0, 2L4 


3L0. 2L4 


3L0, 2L4 


3C 


5L5 


5L5 


4L3, tL4 


4L3. 1L4 


4L3, 1L4 



(LO:fi», LI :SjBE.L2:W3fe. L2:*jlK L3 : «. L4: 36* . L5:«S) 



[oiis] mmmi somm^hjxvmmfcM 
bT?ttt«E^ 1 2 v$-e±#rr 5«£©*ifi©ia££ 

flTOc £*«E* 0 V K W5 i: «hWfi£§£ L TSjStf 

m2i<D£ofc s nmmE.tf \ 2v^6ovtT 

[0 116] 

[^O^S] *IW§©3iBi»CMXOii (k»4 2 7!iS 
4) fbmWfM^n/cSTOi, #fii&1l££tt{cMti 

[Hffi^ffi^^OT] 

[0 1 ] xmwmmm i Rt/tti&fli i 

[ia 2 ] *ftw<Dnmm i i (ci^^vicfflcD 

ICTO^^HlJ: L fc ?5 7 T-£ « 

[03] (a) U:#J8W0iiffi0j5k:,fcS#*ffiKttL 
T4. 3V~2. 7 5 V<D«EKffl-pO. 2C, 0. 5 50 



CM'l CTWPi^||fi£Lfc|g«^L,/c0BST'fe 
t>, (b) ti (a) fcfiWcLfcHffiTfcS 

[04] *%.BB<Dnffim2ic&%¥wmicttLT4. 3 

V~2. 7 5 VtDHESEBT'O. 2 C, 0. 5 C\ 

[0 5] *^©H]Sgfi»ji 2KJ:S¥*?fi£;t*LT4. 
3V~2. 7 5 V<DWE(6H"C0. 2 C, 0. 5 C\ Jk 

[0 6 ] *nw<Dnmm snm.7 rv \mm nc * 

[0 7 ] #?§0J?©!i»J i &tf JtlMW i J: s^WffiK: 
*fLT4. 6V~2. 7 5 VOSEIEHT-O. 2 C\ 
0. 5Cfttf l C-WEM«!CTLfce**3SLfcHi5 

[0 8 ] $fgBJ3<OHfig0!l 1 £«fc 3 LT 4 . 9 

5V~2. 7 5 V^SEfBHTO. 2 C\ 0. 5CM 

[0 9 ] *fm<om&m 1 jtcesv 3 1 «k 

C-rat efC«tSjf*1ftt^Lfc^7 7T?*5 
[01 0] #%B£<9|il5Sf?iJ 1 5£DUf-7A^^>«rfilC 
WLT4. 2V~2. 7 5V«D«E«HT0. 5C, 1 

[011] ( a ) 5 ( c ) ti, *fgW<OHSI80iJ 1 =t 
oTlBS«nfcgfi9H<OS T EM (Scanning Transmiss 
ion Electron Microscopy) £<k57C^##TCQl£^£:^ 
Lfc0ffiT*^^ 

[012] (d) *j«j:cf (e) ^mcommm uc 
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ioTiijg^nfcg^KODS T EM (Scanning Transmi 
ssion Electron Microscopy) tC^STC^^ftrCDfp^^: 

[gii3] xwrnnrnm \ K&^xmfezntcmm. 

nmmmmm<D&ft**-iS±ftXfitfiffl (Auger Spec 
troscopy) (c J; o T##t L fc|g£*^ L 0ffiT-& £ 

[hi 4] (a) lo&v (b) *%.w<D$mmnc 

«fcoT^£nfcgftH<DKffi*X*- + >' (line scann 
ing) LTE PMA (Electron Probe Micro Analysis) 
#ffibfdi£3l£^Lfc0®T'£5 10 

(DKm^ftK (XPS) »*f©»S**tfcBliST?*S 
[01 6] (a) fccktf (b) tt, *fBEO£j80!l5]& 
Q* J±80!l IE «fc 5 giMteJM- 5 * U -y * 
^A^L/c0ffiTg§ 

[017] *l8W<OliaS«flJ5RtfJt«[fflini:«k5gffiiK 

[01 8] (a) fccfctf (b) tt, *SW©HSI»|5R 
tfJ:b«0IJlK«t5 i l s «?aK:WLT4. 6V~4. 25V 

<on&wmT>wm*$mLtcn<Dm-fe&<omt*K 20 

L/c0Bt ; fe§ 

[019] *m\<»nmmms\mm 1 

£4. 3 VT'SMLfc^ ff&ftfcgftflOD s Ci»J'/e 



$158 2 0 0 3 - 7 2 9 9 
28 

[020] *fgHJ3©^fig0>J 5 nS. 7 Rtf JtttH 1£ «fc S 

[02 1] *^(DHffi0IJ 1 RtfJtRflJ 1 (Cct5¥«ffi 
* 4 . 6 VT*ii^«Lfd^ f#?,nfcffi^S<DD S CiJ 
£©f SJg£^ L fc BB5T? & * 

[022] *ffl®<DmMm8RVttMM2ic&5*mm 

£4.6 VTig^BLfc^ ft e,nfcffi^HOD S CiJ 
[023] *5SWOHfl50IJ 8 , tmm 2 Rtf J±«fi»J 4 £ 

[024] *fEwonflii0!i i > nmm 9 , jtRm 1 rv 
tmm 4 tc «fc 3 5 v "zhmm l fern, f# 5 nrc 
g^H<DD s cii^o^%^b/-c0ffi-efe5 

[0 2 5] *»W©HSfit«l 0RXftmm4lC£Z¥W 

©em** l /c 0® -vtb z> 

[0 2 6] $l§0£©l»Jl 2, gftffll 3RtfJt«W 

WDD S CiJ£©e**^L7c0ffiT££ 
[02 7] *^<OHJfie>Jl 5fCJ;§U^>>i,-l'^>fffi 

^Lfc0tftit?S5 




[0 1 3] 



o Al p Co(aLK) 

ft 



0 74.57 5.91 4.75 14.77 

24.2 74.69 4.6 4.61 16.1 

37.6 74.05 3.8 3.23 18.32 

75.2 74.69 2^5 3 24.96 

112-6 74.59 1.01 1.05 2B.35 

150.4 74,85 O.BS 0.65 2B.55 



168 72.35 0.32 0.23 Z7.1 
225.6 72.69 0.O3 0.05 27.03 
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[01 6] 




14.60 
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si 
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